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1 九龙江口秋茄林弹涂鱼重金属含量特征为Zn > As > Cr > Cu > Pb > Hg > 
MeHg > Cd，不同的重金属在食物链传递过程中具有特异性；重金属元素含量在
弹涂鱼中都表现出了旱季大于雨季的特点。 
2 弹涂鱼体内 Cu 与 Pb，Zn 与 Cd，Zn 与 Pb，Cu 和 Zn，Cr 与 Cd、Pb 和
Hg、MeHg 都存在显著正相关（p<0.05），而 Hg 和 MeHg 之间有极显著正相关
（p<0.01）。Hg 和 MeHg 具有随体长增加而增加的极显著正相关性（p<0.01），
在弹涂鱼体中具有强生物富集能力，Pb、As 和 Cd 与体长存在弱正相关性。而
Zn 与体长具有极显著负相关性（p<0.01），Cu 和 Cr 也表现出了负相关性，表明
这三种重金属含量会随着弹涂鱼生长而逐渐降低，不具有富集能力。 
3 δ13C 食性分析表明，红树植物叶片并不是褶痕相手蟹和弹涂鱼的主要食物
来源。弹涂鱼肌肉 δ13C，δ15N 在整个采样年份中有较大变化，δ13C 最低值和最
高值出现在 8 月和 3 月，分别为-22.47‰和-17.29‰；δ15N 最低值同样出现在 8
月（10.46‰），最高值则出现在 10 月（14.38‰）。δ13C，δ15N 在雨季同样出现了
下降的趋势。秋茄叶片、POM、SOM 的 δ13C 有雨季高于旱季的特点，δ15N 却没
有表现出差异，由于其杂食性的摄食特征和较快的肌肉转化速率，弹涂鱼在其生
活史中出现营养级的改变。鱼体中 Cr、Cu、Pb、Cd 和 Zn 含量和 δ15N 具有负相

















4 从捕获鱼类整体上看，东寨港红树林鱼体内重金属含量分布特征为：Zn > 





生物稀释的特点，但是 Cu 和 Zn 却几乎在所有鱼体内都发现了生物稀释作用。





风险评估结果表明东寨港整体不存在 Hg 和 MeHg 食用风险，但在大弹涂鱼中
Hg 的生物质量指数已经达到 0.976，如果长期食用，必然会威胁当地居民健康，





















Heavy metal pollution has been one of the major concerns of environmental and 
biological studies, because it poses deleterious effects to human beings through 
transportation in food chains. Aquatic ecosystem is considered as a sink for heavy 
metals because of high primary production and complexity of its food web. Due to bio 
magnification, heavy metals bioaccumulate in fish and harm population who consume 
them. One aim of this study is to evaluate bioaccumulation and biomagnification of 
heavy metals in a mudskipper Periophthalmus modestus, as well as to study the 
temporal fluctuations of heavy metals and carbon and nitrogen isotopic ratios in their 
mussels. Mangrove leaves, sedimentary organic matter and particulate organic matter 
were also sampled seasonally to serve as reference materials. The other part of this 
study focuses on habitat effects on heavy metals of different fish species from 
Dongzhaigang Mangrove Natural Reserve, Hainan Province. By sampling fish species 
form different mangrove forests, heavy metals in fish from different habitats were 
analyzed, together with mangrove leaves from each forest. Consuming quality and 
health hazards of mercury and methylmercury for economically important fish species 
were also assessed. The main results are as follows: 
1 Heavy metals in Periophthalmus modestus form Jiulongjiang estuary mangrove 
forest were in the order of Zn > As > Cr > Cu > Pb > Hg > MeHg > Cd. In respect of 
seasonal difference, higher levels were recorded in Periophthalmus modestus in dry 
seasons. 
2 There were significant positive correlations between pairs of Cu-Pb, Zn-Cd, 
Zn-Pb, Zu-Cu, Cr-Cd, Pb-Hg, Pb-MeHg (p<0.05). Hg correlated with MeHg 
significantly at 0.01 level. In terms of bioaccumulation, Hg and MeHg both exhibited 
significant positive correlations with fish length (p<0.01); Pb, As and Cd showed 
negative correlations that didn’t reached significant level (p<0.05); Zn significantly 
negatively correlated with length (p<0.01); Cu and Cr also showed negative 
correlations. 
3 δ13C indicates that mangrove leaves are not the main food sources for 
Periophthalmus modestus and Parasesarma plicatum. Isotopic signatures changed 
significantly through the sampling year in mussels of Periophthalmus modestus. δ15N 
ranged from -22.47‰ in August to -17.29‰ in March, while δ15N ranged 10.46‰ in 
















rainy seasons. There were more enriched δ13C for POM, SOM, and mangrove leaves 
in rainy seasons. Due to high turnover rate in their mussels, Periophthalmus modestus 
changed their trophic level reflected by signatures of δ15N. δ13C indicates that 
mangrove leaves account for a negligible contribution for diet sources of 
Periophthalmus modestus. Using δ15N to assess bio magnification of different heavy 
metals in Periophthalmus modestus, results show that Cr, Cu, Pb, Cd, Zn negatively 
correlated with δ15N, which proves their biodilution in food chains, while Hg and 
MeHg significantly positively correlated with δ15N, suggesting the highest 
biomagnification effects among all heavy metal studied. 
4 Heavy metal contents in fish of Dongzhaigang Mangrove Natural Reserve were 
in the order of Zn > Cr > Cu > As > Cd > Hg > Pb > MeHg. Different mangrove 
species showed different heavy metal contents in their leaves. Heavy metal 
concentrations in fish, however, followed distinct order, which again validates our 
previous conclusion that mangrove leaves are not main food sources of mangrove fish 
species. Significant different heavy metal contents were found form the same species 
caught in different mangrove forests. 
5 There were different accumulating patterns for different fish species. Cr and Pb 
didn’t show biomagnification or biodilution; Cu and Zn biodiluted in all fish species 
studied; Hg and MeHg exhibited the highest accumulating effects; no clear pattern 
was found for Cd except in Tilapia, suggesting that different fish may have different 
manipulating strategies on heavy metals.  
6 Consuming quality evaluation shows that heavy metal contents of most fish 
species are below the recommended limits, with only a few species showing heavy 
metals contents near permitted levels (surpassed the safe index 1). The Hg quality 
index in Boleophthalmus pectinirostris is 0.976, which signifies health threat if 
consumed frequently. It is recommended that Boleophthalmus pectinirostri can be 
used as biomarker for Hg and MeHg pollution in Dongzhaigang Mangrove Reserve. 
 































未超出中国食品卫生标准，但 Zn 的含量较以往研究有明显提高，鉴于过量 Zn 元素
的摄入会给人体带来的健康危害，所以建议限制鱼类的每日摄入量。这些研究说明
水生生物受到了不同重金属的污染。重金属对生态系统的危害体现在各个方面，而

































响重金属在鱼体组织吸收和积累的重要因素。Denton 和 Burdon （1981）通过实验














































































































碎屑（Hill et al., 1993），但 Whitledge（1997）采用稳定同位素方法和食性分析方法
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